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Abstract
In this contribution, we wish to outline rst elements of a possible formal approach to
molecular biology related to a particular mathematical model of tumor growth, built up
by means of certain concepts, methods and techniques of p-adic analysis, which will provide
a possible topological view of the main involved tumor replica cell division mechanism.
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Proposal
Loosely speaking, cell division is a physiological mechanism which takes place in almost all
biological tissues, governed by an equilibrating balancement between a proliferation process
and a destruction process (mainly, by apoptosis) of cells, that warrants normal integrity and
vitality of tissues. Tumor is basically a disease of regulation of tissue growth, or else an age
related disease which leads to the uncontrolled outgrowth of cell populations in the body, that
may result in signicant morbidity and mortality. One of the main biological mechanisms for
growth and reconstruction of tissues, is the replica cell division procedure said to be mitosis,
which is controlled by genes inside each cell. When mitosis goes out of control, mainly due
to gene dysfunctions and instabilities (mainly, by mutation) which perturb the above normal
balance between creation and destruction of cells, then a (benign or malignant) tumor may
arise. To understand the nature of these genetic alterations, to be precise, how they arise and
how they are inherited, is to grasp the essence of tumoral phenomenology (cf. [1], [6], [10]).
Broadly speaking, there are three main areas where mathematical oncology has turned its
attention for cancer research (cf. [10]):
(i) Modeling in the context of epidemiology and other statistical data, where one of the oldest
and most successful methodologies in theoretical cancer research is that using the available
incident statistics and creating models to explain the related observations.
(ii) Mechanistic modeling of tumor growth, including multiscale modeling, which is an entirely
dierent approach to cancer modeling looking at the mechanistic aspects of tumoral ma-
terial through the use of physical properties of biological tissues to describe tumor growth.
(iii) Modeling of cancer initiation and progression as a somatic evolution, where methods of
population dynamics and evolutionary game theory are applied to study cancer. First
developed by ecologists and evolutionary biologists, these methods have been used to
understand the collective behavior of a population of cancer cells.
As tumors are believed to be caused by a sequence of genetic abnormalities arising in either
normal and tumor-generating cells, the understanding of these sequences is truly important
for improving tumor treatment. Many formal models for the occurrence of such abnormalities
consider linear structures, while a tree-based structure has been recently proposed to support
the idea of multiple pathways of cancer progression based on a process of tumor-genesis resulting
from a mixture of all possible pathways. Thus, only one linear pathway does not adequately
describe the diversity of cancer development, notwithstanding that the commonly available data
does not contain sucient information to identify a model with an arbitrarily large number of
pathways. As a compromise between the two extremes of few and many pathways, it has been
introduced the so-called oncogenetic tree model in which the possible pathways form a directed
tree structure, in which they share a common trait at the beginning, but that then can branch
out at the ends (cf. [9], Chapter 1).
In the oncogenetic tree model, as rst introduced in [2], the leaves of the rooted directed tree
correspond to recurrent genomic alterations. The root represents the state of the normal cell,
that is to say, it presents the state of tissue with none of the measured somatic alterations, while
the inner nodes represent hidden events that cannot be observed. According to the oncogenetic
tree model, for an alteration to occur in a particular tumor, all of the alterations corresponding
to nodes that lie on the directed path from the root must be present in the tumor. To every edge
e of the related tree, pointing away from the root, a conditional probability pe is assigned, that
is, each edge is labeled by a transition probability which provides the conditional probability
that a tumor will acquire the alteration at the next node away from the root, given that the
alteration at the node proximal to the root is already present. When two edges emerge from
the same node, neither of the alterations on the next node is required for the other to occur.
Each tumor corresponds to a subtree of the oncogenetic tree containing all the alterations in
the tumor (cf. [5], [8]).
The assumption of the model is that the evolution of an individual tumor proceeds as follows.
In the beginning, none of the events corresponding to the nodes of the tree, have occurred. Then,
starting at its root, the events at the following nodes occur with probabilities specied by the
model as follows. Given that an event corresponding to an inner node of the tree has occurred,
the events at the successive nodes occur independently with the corresponding edge probability
pe. On the other hand, as long as an event corresponding to an inner node has not occurred,
then the events of the successive roots will not occur. Finally, this random process will result in
a certain subset of alterations being present in this tumor. A tree model yields probabilities for
each possible subset of alterations. In the graphical representation of a tree model, the length
of each edge e has been chosen proportional to   log pe, so that high occurrence probabilities
are represented by short edges. Subsets of alterations that are closely correlated with each
other are depicted as clusters in the tree. According to the model, aberrations that are close
to the root tend to occur early in carcinogenesis phenomena (cf. [5]).
Oncogenetic tree model is a probabilistic tree patter which applies an algorithm to data
provided by somatic alterations to infer a model of the sequence of genetic events in a tumor
progression. A tree structure illustrating relationships among alterations is produced by an
algorithm applied to these data, without a priori specication of pathways or groups. The
oncogenetic tree approach assumes that there may be multiple pathways, or branches, of alter-
ations in evolution of the tumor. The modeling objective is to try to dene pathways, not to
place tumors in mutually exclusive categories. The model allows that more than one carcino-
genic pathway may have taken place in an individual tumor. Oncogenetic tree modeling work
was inspired by the research on a type of colorectal cancer with visible and distinguishable
precancerous stages, which was able to associate specic genetic changes with four of the stages
of cancer progression. The genetic changes turned out to be irreversible and the presence of all
four changes indicated that the cell was cancerous. In mathematical terms, this provided a path
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model for tumor progression, in which was believed that the cell started from a healthy, normal
state and proceeded down a path with four vertices representing dierent genetic changes. In
fact, the genetic changes will not always occur in the order of the path, but the path denes a
preferred order (cf. [2], [3], [8]).
Our main scope, is to present here, in a nutshell, the idea according to which just this
latter oncogenetic tree model might be formally molded, in some of its respects, through p-adic
analysis methods.
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